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The Link Between Soil and Cancer
By Adrianna (Annie) Althaus
Fall 2020 | CHE 141-404H | Professor C. Britt Carlson, PhD
Literature 
Research-Big Picture: 
What is your topic? 
● My topic for this Research Project is 
to look at how exposure to different 
components of soil are linked to 
causing serious health conditions 
such as cancer. 
● I specifically wanted to look at 
cancers such as lung, esophageal, 
bladder, and also brain tumors.
 
Literature Research- Big Picture: 
Why would your audience be interested?
● I chose this topic that relates to the healthcare field because my 
future career goal is to become a doctor in the NICU. Studying 
this topic will help me expand my knowledge of something I am 
not familiar with (soils and their contents) and relating it to 
something I have a great interest in (health and diseases).
● My audience would be interested in the topic I have chosen if 
they had a similar interest in studying more about the link 
between soils and cancers as I do. If members of my audience 
were aspiring to become part of the healthcare field, then a topic 
like mine would grab their attention and teach them something 
they did not know before.
(“Future of Health”) 
("The Future of Health Care is Not in Hospitals")
Literature Research-Big Picture: 
What is the big idea and the link to societal impact? 
● The “Big Idea” of this Research Project was to figure out 
how exactly different components in soils can lead to fatal 
health conditions like cancers. 
● The link to societal impact that my topic for this project 
has, is that every day, there are almost 5,000 people who 
are diagnosed with some type of cancer (Siegel 1). By the 
time the year 2020 is over, it is estimated that there will be 
almost 2 million new cases of different types of cancer that 
have been diagnosed since January 1st (Siegel 1).
("Light Bulb Thinking Clip Art")
Literature Research-Big Picture: 
System Description
● For this Research Project, I decided on two soil samples 
from my hometown: One from my Flower Garden, and 
the other from my Yard. 
● I chose to look at the concentration levels of organic 
matter that made up both of the soil samples that I chose. 
● For my Primary Research Article, I chose one that 
focused on how the exposure to the element arsenic 
negatively affects humans and their health by causing 
lung cancer (Putila and Guo 1). 
● Even though my soil experiments and my article do not 
go hand in hand with each other, it was interesting to see 
how my soil samples compared to each other in the lab. It 
was also interesting to read about how elements in our 
soil can get into our drinking water and cause large 
populations of people to develop severe diseases such as 
lung cancer (Putila and Guo 1). 
("Major Shift in Human Health Research")
Literature Research-Big Picture: 
Important Terms
● Arsenic: This is also known as “As” on the Periodic Table 
with an atomic number of 33. Arsenic is most commonly 
known for being harmless in its organic form, but very 
toxic when it is the inorganic form  (“Arsenic” 1). Arsenic 
is one of the biggest health hazards when it comes to 
public health due to its common presence in drinking 
water and irrigation for food crops (“Arsenic” 1).
● Sediment: This is the broken down pieces of rocks, 
minerals, plants and animals that are moved from one 
place to another through the process of deposition 
(“Sediment” 1).
(“Is There Arsenic in My Wine?”)
(“Sediment Transport”)
Literature Research-Big Picture: 
Important Terms
● Carcinogen: This means that something is considered 
a “carcinogen” if it causes cancer or has a link to cancer 
(Shiel Jr. 1). Other words that have this root word it in 
include: carcinogenic and carcinogenesis (Shiel Jr. 1). 
● Deposition: This is the process by which sediment, or 
small rocks and mud are moved with natural processes, 
and they break down even more with every next step 
(“Deposition of Sediment” 1). As time goes on, they are 
left as the smallest possible pieces broken down over 
time (“Deposition of Sediment” 1). 
(“Order of Deposition”)
(“Cancer Cells Deactivate Their Velcro”)
Literature Research- 
Primary Research Article: 
What is the experimental 
question? 
● The experimental question for this 
Primary Research Article is whether 
or not there is a relationship between 
the concentrations of arsenic in soil 
and the United States’ incidence rates 
of lung cancer (Putila and Guo 1).
Literature Research- Primary Research Article: 
How did the investigators go about answering this question? 
● To answer this question, the investigators 
and the researchers combined data from 
the USGS National Geochemical Survey 
that highlighted the measurements of 
arsenic stream sediment and soil 
concentration (Putila and Guo 1-2).
● They combined this data with the 2000 
U.S. Census county level income, and the 
2008 BRFSS estimates on smoking 
prevalence (Putila and Guo 1-2).
(“US Census Bureau”)
(“U.S. Geological Survey Laboratories”)
(Megan, “2018 BRFSS Public Data Set”)
Literature Research- Primary Research Article:
What was the conclusion? 
● In conclusion of this experiment, the 
researchers found that they were able to 
control two of the most influencing 
factors of lung cancer: low income and 
smoking (Putila and Guo 3).
● This experiment showed that there was 
still a significant impact that the 
exposure to arsenic had on the overall 
incidence rate of lung cancer in the 
United States (Putila and Guo 3).
● This means that at least 5,297 cases of lung cancer each year in the United States can be attributed to the 
exposure to arsenic (Putila and Guo 1).
(Putila and Guo 2)
Literature Research- Primary Research Article: 
What should they do next to follow-up?
● Since this study was published in 2011, I would wait until 2021 
and do a follow-up test to see if the results have changed 
significantly over the past 10 years. 
○ This follow-up test should include everything they did 
initially, except this time, they would compare their 
results to the results they got when they first performed 
the experiment. 
○ If they do everything the same, then the only thing left to 
do would be to look at the incidence rates of lung cancer, 
and if they have increased or decreased compared to the 
last time they were looked at in conjunction with the 
smoking prevalence and low income both being 
controlled (Putila and Guo 3).
(World, “Follow Up Icon”)
Literature Research- Primary Research Article:
How does this paper link to your background 
info/overall topic? 
● This paper links to my background info/overall topic because it focuses on 
one specific element that is present in soil, and it explains how it is linked 
to multiple kinds of cancers such as bladder, kidney, liver, and skin, as well 
as lung cancer (Putila and Guo 1-2). 
● I picked my Research Project topic to be centered around how 
components of soil are linked to different types of cancers, and this article 
provided an insight from just one of the many elements present in soil. 
● There are many other articles out there that focus on elements of soil 
other than arsenic, and how they are responsible for causing not only 
cancer, but also other severe health conditions. I didn’t have the time to 
find an article about every element, so that’s why I decided to focus on one 
of them that was responsible for the highest risks. 
(“CISN”)
(“A Guide to Germinating Seeds”)
Experimental Research- 
Introduction: 
What was your experimental 
question and choice of samples? 
What question were you asking 
when choosing these samples?
● My experimental question for this Research 
Project was: How exactly do these two soil 
samples differ from each other in terms of 
organic material, and overall soil type?
● For this project, I decided to collect my two 
samples of soil from my hometown of Alpha, IL 
located two and half hours northwest of 
Champaign, IL. I collected a sample from one of 
my flower gardens right by my house, and then I 
collected the other sample from my yard which 
was about 10 yards away from the collection site 
of my first sample. 
● I initially thought that if I compared my Flower 
Garden soil sample to my Yard soil sample, then 
the Flower Garden sample would be more 
diverse, and the results from the tests on this 
sample would be more surprising. . 
● If the two soil samples were classified as the 
same soil type, then it meant that the differences 
in levels of organic material were due to the 
management of the land. 
Experimental Research- 
Results: 
What were your major 
findings for each of the 
experiments? 
● XRF & FTIR Experiment
● Soil Texture/Type Experiment
● POXC Lab/POXC Calculations Experiment
● Microbial Activity Titration Experiment 
● Soil pH, Conductivity, and Slake Test Experiment
● Cotton Test Experiment
Experimental Research- Results:
Major Findings for XRF & FTIR Experiment
Sample Type XRF Result (ppm) FTIR Result 
Flower Garden
Pb (lead): 131 ppm
   -  Deviation: +/- 28 ppm
   -  Range: 103 - 159 ppm
Fe (iron): 27K ppm
   - Deviation: +/- 267 ppm
Graph showed significant 
differences in peak areas 
compared to the Prairie and 
Kenya samples. It was a lot 
higher than the other two 
samples. 
Yard
Pb (lead): 70 ppm
   - Deviation: +/- 13 ppm
   - Range: 57 - 83 ppm
Fe (iron): 38K ppm
   - Deviation: +/- 503 ppm
**Inconclusive test result 
because we only had time 
to test one sample. 
- The results from this lab showed that the Flower Garden soil sample had a 
much higher concentration of lead (Pb) in it than the Yard soil sample. This 
means that the concentration was a lot higher than a normal level would be, 
but it still wasn’t a hazard to our health.  The Professor at the lab was very 
surprised by both of my samples because he said they were a lot darker than 
the soil samples he was used to seeing. 
“Photo Taken By Annie Althaus”
- The above graph shows my Flower Garden results, even though it is kind of 
hard to see. It was obvious that my sample was higher than most of the 
others when looking at the peaks, which supported the fact that my Flower 
Garden sample had a lot more organic material than the other tests. 
- The above graph is an example of another student’s Yard sample that was tested. I 
chose this example to compare to my Yard sample data because it was the most 
similar when looking at my numbers to compare. If I would have been able to run 
my Yard sample, I think that my levels would have been slightly higher because of 




Major Findings for Overall Soil Texture/Type Experiment 
Sample 





42.0% 24.5% 33.5% clay
Yard 46.1% 28.0% 25.9% clay
- The results from this lab showed that both soil samples have 
the same soil type, which is clay. This means that because both 
soil samples are the same type, the overall difference between 
the two of them is due to the management of the land. If the 
two soil samples would have had two different soil types, then 
the difference could not have been just due to management. 
(Eagle, “Soil Texture: Sand, Silt and Clay”)
Experimental Research- Results:
Major Findings for POXC Lab/POXC Calculations Experiment




Flower Garden 0.209 Abs 575 mg RC/kg soil
Yard 0.194 Abs 697 mg RC/kg soil
- The results from this lab showed that my Yard soil sample had a lower absorbance value but a much 
higher POXC value, while my Flower Garden soil sample had a higher absorbance value but a much 
lower POXC value. I was surprised that my Yard sample showed more reactive carbon (RC) because I 
wasn’t sure if the RC and Microbial Activity would agree with each other. I originally thought that my 
Flower Garden sample would have the higher RC. Overall, my results showed agreement with the lab, so 
I felt confident in the values I collected.  
“Screenshot of Graph Produced by Annie Althaus”
Experimental Research- Results:
Major Findings for Microbial Activity Titration Experiment 
Sample Type Amount of CO2  Produced by 
Soil Microbes (moles CO2)
Molarity of the NaOH 
in the Supernatant (M)
Overall Microbial Activity
(mg CO2/kg soil × days)
Flower Garden 0.00334 moles CO2 0.552 M 75 mg CO2/kg soil × days 
Yard 0.00255 moles CO2 0.653 M 57 mg CO2/kg soil × days
- The results from this lab showed that the Flower Garden soil sample had a greater overall Microbial 
Activity which I originally had expected because of the variety of plants in the surrounding area. The 
amount of CO
2 
produced by soil microbes was very similar for these two samples which surprised me 
because I thought the Flower Garden would again show a significant difference. The molarity of the 
NaOH in the supernatant also showed very similar results. 
Experimental Research- Results:
Major Findings for Soil pH, Conductivity, and Slake Test Experiment 





Flower Garden 7.30 pH 347 μS
-faster/fewer air bubbles exiting
-slower to absorb water
-less settling fragments
-water was still pretty clear after 
10 minutes
Yard 5.22 pH 296 μS
-slower/bigger air bubbles 
exiting 
-more settling fragments
-water was still pretty clear but 
more cloudy after 10 minutes
- The pH results from this lab showed that my Flower Garden soil sample was more neutral, meaning that it promotes more ready 
availability of plant nutrients, while my Yard sample was definitely more acidic, which means that nutrients are not as well absorbed. 
For the electrical current results, there was still a big difference, but it this just means that the Flower Garden had more available 
nutrients, which conducted a higher electrical current. 
- For the Slake Test, the Flower Garden ped showed more resistance to run-off, erosion, crusting and compaction because it took longer 
to absorb the water which led to fewer settling fragments on the bottom of the cup. The Yard ped showed less resistance which led to 
much for fragmentation. These results support the overall conclusions that the Flower Garden sample was more nutrient dense than 
the Yard sample. 
Experimental Research- Results:
Major Findings for Cotton Test Experiment
 
- The results from this lab were very shocking because after 60 days of being in a dark location, the Flower Garden sample did not 
show any evidence of the cotton fabric swatches. The Yard sample, however, still had a few small pieces of the cotton fabric left. 
As you can see in the above pictures from using an cell phone microscope, the fabric was very discolored and also had a very 
tattered appearance. The tensile strength had also changed a lot because it did not take much strength to pull the pieces apart. 
Both samples still had evidence of living bugs still in the soil. These results support the overall conclusion that the Flower Garden 
sample had a higher level of Microbial Activity which led to the total decomposition of the cotton fabric, while the Yard still had a 
significant level of Microbial Activity because of the tattered and discolored appearance of the cotton. 
“Photos Taken By Annie Althaus”
Experimental Research- Conclusions: 














- 76.1 mg CO2/kg soil × days 
(Student’s Agricultural Location)
*(No other Garden results to 
compare to)
-Loam (Student’s Garden)
-clay loam (Friend’s Garden)
- 77.9 mg RC/kg soil 
(Student’s Garden) 
- 404.1 mg RC/kg soil 
(Friend’s Garden) 




- 7.94 pH 
(Student’s Garden)





- 420.71 mg CO2/kg soil × days
(Student’s Yard)
- 115.54 mg CO2/kg soil × days 
(Student’s Backyard)
- 55 mg CO2/kg soil × days (Another 
Student’s Backyard)
-silty clay (Student’s Yard)
-clay loam (Student’s Backyard)
- 608.7 mg RC/kg soil 
(Student’s Yard) 
- 601.6 mg RC/kg soil 
(Student’s Backyard) 
- 185 μS 
(Student’s Yard)
- 90.7 μS 
(Student’s Backyard) 
- 8.11 pH 
(Student’s Yard)
- 6.97 pH 
(Student’s Backyard)
- By comparing the results that I gathered from these tests and comparing them to the rest of the class, I can conclude that my Microbial Activity results for 
both were low compared to the class as a whole, but they seemed to be right around the other Garden and Yard samples. The Soil Texture/Type results were 
where I saw the biggest difference because both my samples were clay, while the Garden and Yard samples from the rest of the class were more of silty clay 
and clay loam. For the POXC results, mine were right in the middle but still significantly different from the other samples that were taken. As far as 
conductivity and pH, I noticed that my results for both samples were similar to what others had for conductivity, but for the pH for my Yard, it was the 
lowest (most acidic) listed on the table. When looking at the location where I live and where I gathered my samples, it is evident that my samples show 
significant differences for all of these tests. 
(Comparison data was collected from the shared document we filled in as a class.)
What can you conclude from your findings? 
Experimental Research- Conclusions: 
● I initially thought that if I compared these 
two samples, then the Flower Garden 
would have more diverse properties, and 
my hypothesis was correct. 
● From my findings that I have collected, I can conclude 
that my two soil samples are both part of the clay soil 
texture family, and my Flower Garden sample has higher 
concentration levels of organic matter such as Lead than 
the soil sample from the Yard. 
● I can also conclude that my Flower Garden sample has a neutral 
pH level which means that it contains more nutrients, a higher 
electrical current, and an overall higher level of microbial 
activity. My Yard sample has a more acidic pH level which means 
that it has a harder time absorbing nutrients, a lower electrical 
current, and an overall lower level of microbial activity. 
● Because of the results I have collected over the span of the 
semester, I can make an overall conclusion that the distinction 
between the two samples is truly due to the difference in 
management. The Flower Garden receives proper fertilizer, 
annual mulch, and during the summer, routine watering. The 
Yard, however, only depended on natural fertilization and water 
from the rain that we got every once in a while. 
What is the answer to your experimental question? 
Experimental Research- Conclusions: 
● My experimental question for this Research Project was: 
How exactly do these two soil samples differ from each 
other in terms of organic material, and overall soil type?
● The answer to that experimental question is: 
Out of the two samples from the Flower Garden and the 
Yard, the Flower Garden soil sample had higher 
concentration levels of organic material such as lead (Pb). 
When it comes to overall soil type, however, the Flower 
Garden soil sample, and the Yard soil sample both had the 
same type, which was clay. Based on the averages we were 
presented with, my Flower Garden sample was distinctly 
higher than those numbers, which surprised both myself 
and the professor we visited at UIUC. 
(“Free Cliparts”)
Experimental Research- 
Error Analysis and 
Future Directions: 
 What problems did you  
run into? What did you   
have to troubleshoot?
● Problems and Solutions: 
○ Incompletion of Labs
■ Problem: During the FTIR Lab, we ran out 
of time and the class could only test two 
total samples. We also did not get a clear 
explanation of how to read the graph, so we 
were confused on what to write for our 
results.
■ Solution: The professor wanted to test my 
sample, so I was able to test both of my 
samples. If we would’ve had the entire lab 
time to test our samples and ask more 
questions, then I think there would’ve been 
less confusion. 
○ Quantity of Samples 
■ Problem: For this Research Project, since we 
only had to collect two samples, it was hard 
to see the extent of the differences in test 
results. Since we all didn’t take samples 
from the same places, we don’t have 
anything to compare our results to.
■ Solution: I think we should have all either 
collected our two samples from the same 
places, or collected more than one sample 
from our two areas. That way, we could 
have a little more depth to our results. 
Experimental Research- Error Analysis and Future Directions: 
What is less reliable and really should be 
done again?
Was there anything surprising you’d want 
to test again?
● The FTIR results was the least reliable test I 
have received overall. This test should really 
be performed again because 1. It was rushed 
which made it so that the whole class could 
only base their results off two samples, and 
2. We were not given a clear explanation of 
how to read the graph which lead to 
improper interpretation of the results. If I 
could redo this test over, I would, so that I 
could gain a clear understanding of the 
purpose of this test. 
● The test that surprised me the most, would 
be the XRF test. I was not expecting either 
of my soil samples to have that high of 
concentration levels of lead (Pb). When I 
compared my samples to the rest of the 
class, the professor at the lab was also very 
surprised because it was obvious that my 
samples were so much darker than the 
others’. Sure enough, the dark color was 
because I chose to take samples from my 
hometown. I would want to perform this 
test again on other parts of my property to 
see how they compare to my initial tests.   
Experimental Research- Error Analysis and Future Directions: 
What new questions resulted from your 
analysis? What would you want to ask 
next?
How would you follow-up on your results?
● New questions that resulted from my 
analysis included: 
○ Are these concentration levels the 
same or different from other Flower 
Garden and Yard combinations 
throughout the state? 
○ How would these concentration 
levels differ in each of the four 
seasons: Spring, Summer, Winter, 
and Fall? 
○ How much different is the area in 
which I live from other regions of 
Illinois? 
● To follow-up on my results, I would try to 
test additional areas of my property to see 
how they compare with my two initial 
samples. I think it would also be interesting 
to see how my Flower Garden and Yard 
samples compare to other Flower Garden 
and Yard samples. Another way to 
follow-up on these results would be to test 
the same Flower Garden and Yard areas in 
each season: Spring, Summer, Winter, and 
Fall. Comparing my results to these two 
additional tests would allow me to see if 
these results are consistent or unique to the 
area where I live. 
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